A simplified system for measuring time-resolved photoluminescence (PL) induced by UV laser pulses (λ= 337nm) is designed by a combination of a commercial PL reader and a digital oscilloscope. Using this system, PL emissions after pulsed UV excitation from a chip of sapphire (Al2O3) are successfully measured with intervals of 10ns. It is thus expected that this system will be conveniently used for searching new PL materials that would be more suitable for space radiation dosimetry.
INTRODUCTION
The photoluminescence dosimeter (PLD) has a history of more than 40 years 1, 2) and still it is an attractive tool for both personal and area monitoring [3] [4] [5] . The physico-chemical stability and its capability for repeating readouts are suitable for long-term personal and environmental monitoring. However, efficiencies of commercial PLDs of Ag-doped phosphate glass show notable reductions in responses to heavy charged particles on the absorbed dose basis 6) . Such a change in efficiency has to be properly corrected in dosimetry of space radiation that is composed of heavy charged particles with a broad range of energy 7) . In order to search new photoluminescence (PL) materials that could be more suitable for space radiation dosimetry, it is helpful if we have a reader that can measure time-resolved PL emissions from any materials in a simple and reproducible way.
MATERIALS AND METHODS
The system for reading time-resolved PL emissions is newly designed as shown in Fig.1 . This simple system consists of a commercial PL reader (FGD-1000, Asahi Technoglass Corp.) coupled with a N2 laser (VSL-337, Laser Science Inc.) and a 500MHz digital oscilloscope (IwatsuLeCroy LT342, Iwatsu Electric Company Ltd.). Only red components of PL emissions are detected behind several band filters with a photomultiplier (R669, Hamamatsu Photonics K.K.) which has a peak of detection efficiency in a long-wavelength region around 600nm. Time-resolved PL intensities for 45 µs after UV-pulse excitation (λ = 337nm) are measured and recorded using the oscilloscope with flexible data-sampling intervals from ns to ms. Readout data are saved in to a flash memory in real time and analyzed on a computer.
The possibility of the PL reading system (Fig. 1 ) for searching new PL materials was tested using sapphire (Al 2 O 3 crystal). They were cut to rod-shape chips with nescence (PL) reading system. Only long wavelength (600-700 nm) components of PL emission are detected behind several band filters with a photomultiplier (R669, Hamamatsu Photonics K.K.) which has a peak of detection efficiency around 600 nm. The time-resolved PL intensities for 45 µs after excitation with a UV laser pulse (λ = 337nm) are detected using the oscilloscope with flexible intervals (ns -ms) of data aquisition.
dimensions of φ1.5 mm × 8.5 mm. As performed with a radiophotoluminescence glass 6) and selected TLD 8) , the chips were annealed at 380°C for 1h before irradiation, followed by slow cooling to room temperature in a furnace with its door closed. One chip was put in to a case of tissue equivalent resin (Toughwater phantom, Kyoto Kagaku Co., Ltd.) with dimensions of 40 × 30 × 5 mm 3 , including a cover plate of 2 mm thickness.
One case each was irradiated with 10 Gy for water (abbreviated to Gy in the following) of energetic carbon ions (LET ∞ · H2O: 14 keV µm -1 ) at NIRS-HIMAC in aerobic conditions at room temperature; carbon is one of the abundant heavy ions of galactic cosmic rays 7) . The irradiated chips were stored in the case at room temperature, and time-resolved PL intensities were measured at 2h, 30h, and 55h after irradiation, in addition to a measurement before irradiation.
RESULTS AND DISCUSSION
The averaged plots of 20 readouts of PL afterglow from sapphire are shown in Fig. 2 as a function of time after a pulsed UV excitation. It is seen that carbon-ion irradiation increased the PL intensities. It reached a stable condition at two days after irradiation; little change (buildup or fading) of PL was seen after 30h, particularly in the prompt emission components (< 0.1 µs). The PL intensity would increase if the wavelength range for detection was adjusted for that of PL from Al2O3.
This result indicates that the system designed herein can be simply applied to examination of patterns of PL emission from any materials; tasks of searching new PL materials would be facilitated using this simple and reproducible system. It is hoped that a PLD with less dependence on radiation quality will be found for the purpose of space radiation dosimetry 9) . Now we plan to do experiments using this system with different quality radiations such as photons, protons and other heavy ions. Also, we try to improve the reading system by adding more functions, such as different excitation sources other than a UV laser and optional PLdetection systems optimized for different wavelength regions, with keeping the simplicity in handling and the good reproducibility. 
